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ABSTRACT

A computer program was developed to present shock front properties in th-2 form of isovalues

as functions of altitude of burst and range. This program consisted of a Sachs' scaling routine and

a log-log interpolationa routine. It was found that overpressure, density, and Rho-U decrease with

increasing altitude; particle velocity, dcnsity ratio, pressure ratio, mad shock strength increase
with increasing altitude; thermal f.ux density and dynamic pressure remain relatively unchanged

with increasing altitude.
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•i !" SECZlON I

S• • INTRODUCTION

The standard scientific presentation of weapons effecta information is in the form of universal

curves as in NOLTR-69-88
t and EM-1.2 For engineering purposes a presentation in the form of

isovalues in the desired quantities on a chart of altitude and damage ranges may providC a more sig-

ntficant insight into the altitude depcnderne of isovalue ranges. The obtaining of these preselected

isovalues is a standard and somewhat tedious problem in cross plotting and interpolation. Sachs'

scaling and interpolation computer routines were obtained from NOLO and modified to inc,%TpOrate

logarithmic interpolation.

.. zLchto, D. L., and Larson, R. A. -Long Range Propagation of Spherical Shock WVaves frorn Ex-

Splosions in Air. I NZOLT11-69-88. (Unclassified)

S-• -CapaHlities of Nuclear Weapons. 11 EM-1. (Conf~idential)

LUhto, D. I- , various private eommur~ieations on computer prr/j,, rms for Sachs' scal.ing and inter-

~polction schemes.
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SECTION 2 
'

DISCUSSION

2-1. GENERAL. Damage to aeronautical and missile systems within the sensible atmosphere

(0 to 100,000 feet altitude) from nuclear weapons effects is expressible in terms of damage distanc-es

for damage environments, such as overpressure, dynamic pressure, thermal radiation, neutron and

X-ray flux, etc. For some systems the dominant or largest damage distances are associated with

hydr dynamic shock front properties or thermal radiation. These systems -are generally acrm..

t ynamic. vehicles, such as aircraft, cruise mnissiles, and law-altaude-point defense missiles, such

as the 3Tf s, Niket or Sprint.

2-2. SHOCK FRONT PROPERTIES. The hydrodynamic shock front properties of interest to acro-

dynamic vehicles can be defined by a system consisting of a sea-level, 1-4d. pressure-distance curve

and a means of obtaining altitude and yield corrections to this basic curve.

2-3. THERIMAL FLUX DENSITY. The thermal flux density (Q) is defined by the fozinuta

Q = fWc/R 2, where R is the range, f is the thermal partition function, W Is the yield, and c is a

constant containing-dimension factors and the transparency factor (1) of the atmosphere (in our

case T= 1. perfect transparency).

2-4. STANDARD 1-KT. NUCLEAR FREE AMI PRESSURE-DISTANCE CURVE FOR SEA-LEVEL

CONDITIONS. The data for the 1 kt., sea-level cverpr,.ssure curve was provided by two sources:

above 60 p. s. i., US59 (DASA 1200)

below 60 p.s. i., NOLTR 69-88.

This data is listed as Subroujine RP1271 and plotted in figure 2-1. -

2-5. STANDARD 1-KT. NUCLEAR THERMAL FLUX-DISTANCE CURVE iPOR SEA-LEVEL

CONDITIONS. The thermal flux dcnsity formula used was Q = 7. 96 fW/It2 , where 7. 96 includes

the transparency factor (1), the dimensionless factor "-_ and the unit factor to give Q In terms of

cal. /cm. 2. The sea-level, 1-kt. thermal flux density is found plotted in figure 2-2. z•

2-G. ALTITUSDE CORRECTIONS-SACHS' SCALING. The altitude corrections applied are the usual

Sachs* scaling relationships:

P, P,

When:

Where:

API and AP2 are overpressures for point 1 and point 2, respectively, P, and P2 are the respe'etive

atmospheric pressures, R, and It, are the respective rnuges, and W, and W: are the respective y;ilds.

2
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-• 2-6.1 Subroutina ARDC provides pressure, temperature, and density of the standard atmosphere.

The data was provided by R. A, Minzer, K. S. W. Champion, and 11. L. Pond In "The ARDC Model

Atmosphere, " 1959, Air Forces Surveys in Geophysics No. 115 (AFCRC-TR-59-267), Air Force

Cambridge Research Center, August 1959.

2-G.2 Using the cverpressure-range curve of Subroutine RP1271 as the base curve, and the atmos-

pheric pressures generated by subroutine AIMC, the ovcrpressures for any altitude and any cor-

reeted yield (in this exercise WI = W2) can be calculated.

2-7. ENERGY PARTITION FOIl BLAST AND THIERMAL AS A FUNCTION OF ALTITUDE. The

yield corrections which are applied are obtained from the more formally correct radiation-

hydrodynamic computer code calculations. These corrections are, unfortunately, functions of yield,

distance, and altitude; but, for the range of hyrrodynamlc front arid thermal radiation variables of

interest in tb's memorandum, the yield correction is assumed to be a simple function of altitude

only. The simplifications used in this memorandum are siraight-line approximations to the curves

presented In EM-1, and are applied firse to the overpressurc dependent qualities, and then independ-

ently to the thermal radiation.

2-7.1 The blast yleld reduction with altitude function %as taken from the effects manual, !1'apa-

bilities of Nucleaz Weapons, r,, 1 January 196-, and the thermal partition function was taken from

chapter 3, "ThermaliRadia:icn Phenomena,"* KN-G6-504(R), 26 May 1969. 1tiese two functions are

found pltted as figures 2-3 and 2-4. Also plotted are the straight-ine approximations which wera

used in the computer program.Z

2-7.2 These stiaight-line approximatins were used mainly for the purpose of facilitat ing computer

time. There Is no simple functional dependence between altitude and the quartities, and so to avoid

feeding in al) the damt points for every possible altitude, the straight-line approximation was adopted.

2-7.3 For the blast yield reduction curve, the greatest difference occurs around So io't., where

there ij q. difference of 0.02 (approximately 2-percent error) between the curve and the ajproxlma-

tion. The curve and the approximation agree quite well over the whole altitude range, the erropi

being less-than 1 percent over most of the range.

2-7.4 The blast yield reduction curve can be compared with a plot of the rMaintum computed

effective blast yield in DASA V>00. This plkt is ;howu in fpgrre 2-5. The straight-Lne apprm.ima-
tion used n the program -as fitcd to the cutrve, not to the envelope of figure 2-5, because in the

altitude range of interest there are nnly two compuittions (at 105 Mt.%, and the curve iterseets

these points while the envelo-e does not. The function used is considered conservative for defense

purposes, as in sure-swrvival studies en aircra'aft.

44
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* 2-7.5 For the thermal partition function, the greatest difference occurs around 20 kWt., where

- there is a dtfference of 0. 01 (appr~ximat6ly 2-perce~nt error) between the curve and the approxima-

tion. For the majority of altitudes, the error !a less than 1 percent.

2-8. PRESENTATION OF SHOCK FRONT PROPERTIES (RANI[NE-HUGONIOT RELAIIONS)

VERSUS ALTITUD" CURVES AND THERMAL FLUX DENSITY VERSUS ALTITUDE CURVES.

The Rankine-lugonlot relations4 enable the calculation of density, density ratio, particle velocity,

pressure ratio, shock strength, and dynamic pressure behind the shook front if the peak over-

pressure is given.

2-8.1 The program presented is not the most efficient program because a slight rearrangement of

cards is necessary when changing from Interpolation of one quantity to another (i.e., overpressuare

to dynamic pressure, density to thermal flux density, etc.). The card rearrangement is simple

and straigh~iorward and preferable to one gigantic, complex program that wculd just be nine pro-

grams added together. This simple card rearrangement can be seen in the sample programs pre-

sented in appendix 1I.

2-8.2 The peak overpressure isovalues are presented in figure 2-6, the dymamic pressure iso-

values In figure 2-7, the particle velocity in figure 2-8, the density ratio In figure 2-9, the parti-

cle velocity x density (lho-Ut in fgigre 2-10, the pressure ratio in figure 2-11, the shock strength

in figure 2-12, and the density In figure 2-13.

2-8.3 All quantities were plotted from sea level to 100-kift altitude, except for density, which Is

plotted only from sea level to 40 kft. in the most advantageous cases. The reason for this can be

discerned by doing a few simple calculations.•" " ~~~7 + 6 POVPA weePVA
2-8.4 The formula for density is DENSITY = 0. 0764575 x DRATIO x 7 + POVPA where POrPA=

Ovp
PSOVM * Since DRATIO = 1 at sea level, the minimum end maximum values of DENSITY are

entirely dependent on the theoretical limits of OVP.

If OVP = 0, DENSITY = 0.076475

If OVP - -* DENSITY = 0.076475 x 6= 0.45885
0.011709SAt 50 k., DRATIO = 0
0. 076475

• • 0. 011709
Tberefore, if OVP - -, DENSITY = 0. 076475 x y - X 6 W, 0. 070254.

2-8.5 Since the highest possible value of DENSITY at 50 Lit. is less than the lowest possible value

of DENSITY at sea level, it is Impossible to produce a plot that will have an altitude dependence

from sea level to greater than 40 kM.

2-8.6 The thermal flux density isovalues are presented in figure 2-14.

- 4 Gulustone, S. (ed.). "The Effects of Nuclear Weapons.- 1964.
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2-9. YIELD COPRPZCTIONS. Distance appr•idmations for values of yield 6ther than those precented

in this memorandum may be obtaived by multiplying the range by the cube root of the yield for hydre-

dyramic propertles and the square root of the yield for thermal radlatioz. Discrepancies in the

yield-correction factors are masked somewhat by the cube root and square root de.!endence, but

very large yield variations may require more accurate estimates of the yield-corrections factor as-

presented in EM-1.

1•"O

30 25 20 is i 5

60 - ---

.9 1.0 1.5 2.0 3.6

RANGE WOit

Figure 2-14. --Thermial flux clensity (cal. /cm. 2) as a fuz%-Von of
altitude and range.
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SECTION 3

CONCLUSIONS

3-1. It Is found that overpressure, density, and Rho-U decrease with increasing altit'.le; particle

velocity, presazare ratio, shock strength, and density ratio increase with increasing altitude; ther-

mal flux density and dynamic pressure remain relatively unchanged with increasing altItude.
3-2. This Wye of presentation should be very useful in determining approximate sure-kill and/or

sure-survival rmnps for the various aerodynamic vehicles. By placing the vafious tsovallues on a

smInle chart, a sure-kill envelope could be dra-Am for the range 0 to 100,O000 feet. For example, if

S~the m=4e.kll criteria is an overpressure of 2 1r. s. 1. , a particle velocity of 100 ft. /sec. , or a ther-

mal fPux density of 20 cal, /cm 2, and a oure-survival criteria Is an overpressure of I p.a. '&., a

particle velocity of 50 ft. /ee., or a thermal flux density of 10 cal. /cn. 2, then the determiing

uure-.dll/surs-aurvival range for a 1-k1. explosion is entirely dependent on the particle velceity, as

shown in figure 3-1.

10 I

- -/

2.71.0 1! 1.

THERMALFUX. .

Ik | 0ARTICLE' VLOCIT-- -
t I OVERPRESSURE

.0 2.0 4.0 7.0 10. 20.

" ~RANGE (Kit)

.•Figure 3-1. --Free-fold overpressuze (p.s. L) thermal flux dosity
S~(cal./cm.'i#and particle velocity (ft./scc.) for I kt.
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APPENDIX I

INTERPOLATION SCHEME

The interpolation scheme used is a straight-.line approximation scheme; i.e., it is ass,.med that

in a well-behaved rcgion of a curve, two points can be chosen, *W the straight line defined by these

points can be used to generate a v*'lue of R that will approach the desired value of R. By repeated
use of thin scheme, the desired value of R can lie approached to within any desired accuracy. The

program actually used an accuracy of 0.1 percent in R.

An initial value of R, Is chosen, and then 1 2 is chosen to be equal to 2RI. The scheme is as

follows:

f(R1 ) - f(R2slope = f

P., - R2
obviously, slope = f - desired

new

3lope

U R Rnew - R,- 0. 001R1 , then Rnew Is indeed RdesIred f IRnew - R1_ > 0, 00IR,, then

R1 =• R2w

new

and another value of R is generated until the condition of Rntw - R, s 0. 001R, Is met.
now

This method of interpolation Is valid as long as the following conditions are met:

(1) f(R) = f (P.) for RI = R2

(2) f(R) is continuous over the specified range

(3) f" (R) Is continuous over the specified range.

Obviously, the closer f (H) is to a straight line, the faster this acheme will work. For this

reason, since the base curve overpressure plot, which is the main curve for calculating most of our

quantities, has a dependence on R similar to R apment and Q"R72, a log-log plot was used; that

is, instead of slope = _f)- the formula slope =

log f(RA -lg( 10asused.
log R, -log R2 waus

The use of this latter formula is more than just a convcreAnce, it is a necessity when R

approaches 0. At this point (R t 0), the necessary cwditions that f•)and f'(R) be continuous no

. is

IN



longer hold. By "flattening" the ctirve with the use of log f(1), the discontinuity at R = 0 can be

much more closely approached.

4-
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.1121.2.' v101ur .Aoo .325E#l 17r-67 -101E-01 .2391.01 .964ciftj .65 1 -2 *2Sor:Cl A20[r.01 .2300.01

*23.0 '41o .).0 21rio2 *1623Z.0l .20,05[00 *IV~or-o' .?Olr.02 M 1 .25 30 ,'~i-0 .210E1.01

.30SE.02 .081E-00 .1951.01 .1341.0 .34411*21 .3611-00 .949E.03 450c-fn7_ .23or.02 .2301.02 .2301.02

.250r25

L __~v_ -nifp- - -P16C ovi ri DONA ajtt, 1ZP



1 . RHO-U PRINTOUT

',.I'E~ * ? U.,p ny%p .'l4vCL u$hSt, L)ER~f RAOU C?..t

.602;.O0 .102Z4.01 .344.01 *2oIr.M .11,EtVs .33ar-gg .61 ipZ.n3 .240&;-n *l'.0e3 .500E-01 .5Qooc.o:

.30Ef.a2 .1U3E.oi 30ifoul, .3&5r.,sl .600(-o .442(-0: b7UEC.ft2 .114E-Ot *1%ikE.i Svo[,0I .3,c00aC

.630C.171 .135E-01 Ui.v(tl .406r.fi 1 0 llcEl0 .595F-01 *111C403 .*?2C-o1 .tIE.C131 Soer~.ot .DDC.01

*C72O-Dle -13JE01 .2OE.O1 *7?41.01i *2321E.0l *.115ruo .1)(-"3 *.214r-A012&llr.0: *5001-01 *l0Cf.C

* 1?.
1
67f-02 13401 .ltgr.O1I *345r...7 *1!,.r.0 .7361-00 .54.oCj0 I:ir-At .1e45.Chi ,.4'(.os *.40C.01

:2 3E 02 *94 C00 16 V .1 45-1l.,r.A? AlrC6 *0 n .4ir .61146.03 W5re1 111 .334.i a~9gr.0' .441E-01

0010? O*Aar00 .1qTE.01 .36111 .??.1t 26r. .254r6.11.3*,l4-'3 .23.01ci .10062.0? .14006.1

.OOZ;20103.O .20,(.0.1 *135r.g?? .231E.01 ii42-co tsjec-3 *A 94~fI .tlE.01 .160t2.02 .15cr.'C2

.305E21. .3 .0 .101E .01 .190j-1.331.11? .2iE .79663.30 ."IE-43 .115-01 . 14~0 300r.02 .1%E-02

.011526. .a.,or.01 .1:'r.01 .2743.6M26S-0 .210'.01 *4?;6.03 *?24r-ni .3761.01 .9906C.01 .146r02

.014C.3.0 .IJJC01 .124.11 Aeu n *2'2-s .10E-0 70C-0 .024-1.3 .372r-mI 1730F.01 .. !4.-OZ .12 c4AE0

.3L56.02 .1040E:11,1 11c:0 *%11r..? IJ.7645A. . ,so.0 .3641.11' jigle-f~ *5t 0 .1654a aj.ol .25C0.12

*11IjC,0.U E1jr0 ISEr~q 01 trg.pp rt o~C *4&?F.113*Z4t% 5.141'" .192162 .70116.02 *210DE402

*?13;.h? vroc-ov ec.M't~ .ie .:4 .wCoo .204r.01 O*lor.ft *'10E7t31 *103,.fl .74.3-1' 2167 -9tE

*3.743E02 .94J"~00 .IlvE..t .1Qr.c ..760E~l .138F.01 SZSE44rf *:18 .27C0 .'00E.021 .106C.01 -

- -3 .QE2.zI0 L .32:4... .3.19En .18oIC-r' ME-44:0 .579r-fts .12.1 1 *'SOrl .90t.013

bioF-003 .104C.01 .23462 465r.r? .. 45r01 .1233.113 .2mr*03 *54t'ilw .lA2E.11l .7'-..02 e?3i(*112

VAL - *Jor-L*
ILI. a "(3 I~ P 1-36P .

44
1(EL IC%STV DEF40.1 w..n1, 0?.Eft

a C&.'70 .2.ic.pt' *2&?r.-7 .554.nl0 ps.r:w,o .iCgr.113 omdr.-fll .1.r*n .1501-07 .3r.2'V112

.r.157-, *.140F-0 Ill-ZI * 34r~7. ..J.e .75Jr.01 *74(.03 Mc~3-ll .1011ni0 ISC.02p-r .110Eý02

*l?1t.02 *Z.1c.0s .I U.37 ..254.n ..242.Ci .14126.o1.2 *332.M] : it1rn 723(.111 'IOE7 *1nnE.o

26t-7-310 13-&:2. o.ý 13E0 .1E0

741W41v'L-9-(-4E6 PJFC 1!-415.% Orr iro



J. PRM&URE RATIO PROGYRAM

IC
ME3(40(.3) .CN II.ft.1.. AL) C
e g. - C

*(Af 30 3 (s~IVL().1V LC
ba3f1a(s.) CAt-

*ORNTC!A.S) 4.CUS?.mOT

00 so 81m C

9--a 150

C.

leAnceasr. f94 .flti. narc eg. ie

C-
CCAL.ro. 50 12 12I C,

13 M A- .wP 
A T .. 3 3 3 3 C.

ALCALLqOAKUMM)*I.PC. C

PSI CsksPaAT3Oe1i.6*& C

C.

sem C
23 ute9. '*1 R9~ fe*.

ScaFA.3.~49 3,eosm . _ _
60 To eI~ttat. iti C - h)4

CFTPE%6* t1.SAFC.?f.3I.12(Zf3WJ~1.~ C.
y ~ ~ ~ ~ ~ 1 r Qq" 4114~ l.a *.r.T enYrt1 ~ t

59,010; S.64253.1..2CICUIJ~i.2),222 C

O.A.W 2 i, _29 . ________________
* ALTe,,0gsic~.l3Cs Co opLIIPs

C 4t.C~~441 ft &,but$ rn n.n
I1h Al TS OA.~ 604 MGM 12 c

a) IC - -0
3UtK§SU(J)~OS?27

CA~l £SD~aLIU.PRTIC.3AZ.CUAZIA



K. PRESSURE RATIO PRINTOUT

0 COST uOll

ALT X KrT 0 e v MOW 01 ARVEL KJOSTY ý;FkiAT attou OTHtER

SON (CI .1@@0 * to 348rce E2~~3 5?402 .A2?(.Oi Aft(.e *iSscoo25. .322[603 .5701#01

*1,1TE.00,:102E- .16r1 "!itoO .13Si.e2 *
4
0'(.0I .281[00 O T, .94. 31("3t.o .1250.01 *255(.0*260.

*i13[*02 *
9

IorEoO *859E-00 .1)S(.o2 -316zC#0 *323E01 -1*31*04iC Iaf7c-e .325aC .oa 39E*0 .971C0c~1
-Py E4r.02 larn-00. .*&r...I I.3ca I*S9 s .1(43r0 ~A..1S404 .S....r$1*e *32S(4;0I.1 :'2t0 ;S..8*(.4

ALT a tr a 657? fiil CV YI ARVCL Ir 'ST, 2(1641 JI0 T

8, -, 4?A1CI -35~l - -"(~
.30SE401 .1@O(.01 #515E-00 031.2 SS.1 2E.0 t.04 *TlltAI .2,*IA(.236 *032c .230C'aI

*723(*O2 .'70t00 .*II0(401 .6to0q.102 sto.0 .64i.01 O416t*Dl k3ac(02 .14 .61t *499 .110(401
-01rIB r.AI 6.4"Ye1rao -,. .. -4UA*1--&G30.4a . -E

.153[002 .100r**l .522E-00 *77tfC: *304E#01_ .,29(.o! *S!IC.13 .*31031 .2*Ist~oo .250(.01 .1)0(.ol
r'i.. m -06 q39

.111:6 Wool~~7 .9 22[O etO( Cl .21(44-
.3@it.O1 .102~O t *CS201o *3,141.ci" *lAft*s! .1,0(.3*OCni.4c0 *2rc 6AC0 1

*914(.01 .9100(.0 *131(.O .1jeC.02 *29.60g .2sot-Oe 6t&G(.3 *610C-ot .223co .0I to *:t .o2 *'P00 j

.3"[4021.~0*0 .32(40 (402.~ .tIC~tg-oo 1*360(1 *641b3 o.10"0 * -S.t7 4t3(. .5l-oO *6210E*00

-31fv -SI *-- .22[*C .0350 Sl-ni~ s *E2 -o13E: -13E#0
.O0 0C.0 ..101(.0 *3''"rol.071 A~0cO ali-OS 317 *ls 604-otpa .20-C.O1 *411.OI .t9

*lift.O2 .10(0 at*69(C ':Ir~ .210C0*21*0 .. 00 *SB .1TAC.01 .f'Tc-o .60(o

*lS2(402 .,p0c0 .OI E*9501 .366002 *1O0ove -333[-00 .6281(40 .3 6
1

*02 .?0-10901 .3&I7.oO *s-1110

WN(O *0~0*2C0 71111*0O 21"0t0 .612[00 .123E(4) .303E-02 .118[603 .190r.01 .11Cc-os

*i0(0 10DEL62 .1~.314*3r*o? .SI7g~o .7944C 21.3*771*2(0 3a~2.0Cc

-,.414[oC .10.02*0 .150(401 .16307a.449 *2?I1 .322C-00 j253(40 .it0i-nt .li?(.E0t .154r.02 .66t0C20

*12p(.,- .SO(0 .2i~'f*1,.t .41--30V4.0 304(-00 .2)9(a 2o~~ 37.I*7.:*o;
- .. Il-.ol irviCL3Won a.93rcL .6)(-8A.242E00I-.236S*0.3- 16VE-Al .1i7(*fl vSrol.--..E~i-o

.t213.CZ .berE0 .o,24J*C0I *SCI(.01 *4328-oo .057Cc-T *263,c*3 .06[-tt? .1431#01 *236fot OSE00(0

OE-.0 14(00 *3?S(at.OI*25r.CI .ATf-00 *2.30E?1.O 2941 30.7.2(0 69.0.01~.?Ar,-0 *~.91 CoalW 6 2'E- 2. .34( ? ,1?(.L. .660E.00

-010c1601 *1s01-c1 .5o16031 .IT0r*61 03SE-cl -6104r-1 .2751(.e3 .1317-n, W.0 .l? .t*3S-00r .640E-ac

28o~c



SIM

L. SHOCK STRENGTH PRINTOUT

. CUST R;9..
.1uOr.I .uuE609.o*24-EcUO

ALI 4 R~r5 jl vi?4P 144L u92sI; d$ N AT $*.0) O1.d.1

- A* .I 1 *luaoI 3a.j - Jo~t-ts D~Ad~, .0? 04 .I7arbi'-. *,3'ein a ?Sj ) .670E.91

*i05E.W
2  

IZur.ol .JSV['I,u .25)ir.0) i'.1,Nr.+M .I6g,jfsO *0trona . I a or-n .42.e..I .C1t,;,0J 0~*1olx

*J.060(13 jiu0E.0 .37bVco~j . IA5r.JIA *J kl .nl *..lRS.O7l 4r4 *IA4e.le ~ 1
2'r-01 .'$Vr .03 C.Fou(02

.1c5r.oi i:2 :45061(~ ofii~ *2433-ol .20tir.o1 -tr: *33ri' .l?4r.41 . lotr..13 .01 E.(..

7 13J221C -zFur'.O1 -85VE-00 .4^bc."2 1Affl.~.1 *424I-t3 I.Ir-i.12 *~r,61 *AOr.02 .34*urE.12
.2&3!-42 .-9..C-0O *29&Eilu0 *lz~r-O'.t231SC-1 PD2#r.nl *V;-E-43t.919*2o) .124Ar-- .*~?.t 1 *r.2 6-4Ca.-A

.10SE..2 .v4$jr*oU *LI 3if *fi 743r~o? OtA n 0ra %I-1 .~re~*hi,3 ltAr-etl *)Z4r.I'i .%6IVoul .. "ir-rl

VAL" .?)CI..U-
ALI Nkr a g.,i "Y.. PAINEL arTv UENPhIA kQ4tJ l1..cm

*1%.oa2o *zo.,r.0i JU0 p'jjn )ir~?. r.o2 .10 
3
C.cw .1O.$~ 14,g r.-m .1

9
1.3r.O? .)lit.

*.AI0E.01 . Aoo-r.OX .5~, *17sr.411 .155r.02-O1 '# -6 V.03 *72'' I *lAr.'l .110r.03 *ZIC*;nh
.61E914O J.. .3-,41.544Co J-C0 ~4~lf .3o21..O o2*m&(.¶ .92jr.,k *??Ar.01 .23C402O J*QCE.)01

a.9tlC,? sloriso3 .io..r-cl *6tor-c2 i .sj.'1 .6ajr.-l .9F24n30 .0jji1
1 2

1 .22qE.(. .636r.02 .?4(4.n2

ME-.1~.Cl *tsjE.oO .14t-j .0643r.V2 .6-j-can .4161.01 .64a(.P3 *.4Iur.? .2ZAr.Cj .400C.0*1 *21L)E.C1

*243t-02 *.94-jr-Ou tyZllr-nP *5Poc-. .A1?.flfl * ,jo. *SASCt).0 -r- *4' .4 22r.enl *3.nAlu *1sfi.ol

*I2?41.cC .-002-.ltt .11ýE-b1 .213r.VP..)To .3?c2-On .5121.11? *eAff~-n.- .".Er~r. Me.3.ol .34.1t -0

.?Ist.cz bWtir-otj .I9cf.C? Illr.,7 .44iAvI *lljr-an VU tJ.r~* *4A,13S I1r.1 *.r-"P.2%-0 .34(1-0

VA4.2301-.11
ILI 4I?~ V1, Fly? ,'ARVEL DF.J1. PECRAT k....u W-0(
*1C5E,O .2.li1.020 bc-V.0" .02?Pr.cp *12.?.Pp .750Fr-0 . I ISE. 0 .71~r *Iflr -1*Eit .191r4 ! *

4
-. *

-10;0 -rICI v.4wi- 3-4 0 .42 n3-~--- 72r'l00rl -? .21rw -A



M6. DENSITY PRINTOUT

ytk' *3001 ruCUR Ri4 .4

.0001.0') .I0UE$01 *25V100 .5o~r*03 .145C.n3 *211[.03 *25~.Fl* 30 J. 1  .1201 .7661.03 .300E!00

.105t*01 .100E.01 .1601.00 tigr-oll .4411.03 *051C.03 * E 44 305C *Otno 53t1c.ni 163[soa .300C.00

rAlLLO 10 CUJ'VE~O(G.
.41<(40; .10VE.01 *OJ.1E*00 I9*1.nA4 .0o00Eo .0001)E00 .00S41'0c WSr-As Ionl(-ot .000c*00 .2171.01

.122E.02 tI0jr#01 o.,.vC.oo .119r.c.4 .0QUE.00 .OOOF.00 .000r#00 *l80r*At .1001).01 OF.CQ0.0 14SE'nS
.152E.02 *laoC*01 .00)vc.00 l19r.n'a .000cflo *040E.00 .00)1.0 *114C.*n1 .100E.01 *.,fOt*00, *1lAE-01.IOPE.02 .100C-01 .000E-00 19r0 .00.0 .010 0).0 *3,ir-ft0 .100C1t0 00C.0tr.0 *?34E02
*7irr.OT70(.0-O *.0a0.GUrc .119r~o# .00('E.00 .030F400 .010E*40 .453r-4? .1000C-01 .oO0o:.00 .A531-02
.2?01.02 VIOEl-00 .000,..C0 .119r-04 .030EC*00 .000r#00 *00J4100 *M:1?-* .101[.01 .0001.00 I1?0E-GZ
.30br.02 .860r,0 ooo. o .0C . 1'9llr-()4 .0oo0ne .0000.00 .0001.00l .1CJr'm? .1COE01.0 .000t.00 .103E-02

v~kL* .2o0r -q
ALT 1F a U ve 01T4) PA~kvEL ur'NSlY 01'.04T ae~n"~ O.E?

.0.0000-o .1.3r0.0 ;.10a20u *20t3 **AoO02 *1AC.P2 :21)5r:04 .0rf0 .2624.01l .2?lr.03 *20PE-00
.3059*01 0mo.01 *31 E oo *313r.43 .?12E.0? *930E-02 *20c~n a .200r-00 .35'r..nl .415[.o3 *L03E-o,
.610E-41 * 1001Al.1 2;P-E00 .5w.o3 *l06bE.03 .323r-0) .3Q01.04 *200(0011 -49-IEOAI *7A0[.0) .200f00o

.z2c).oz .Q?1'0 *03E.09 W~.0 .0001.W0 .0oorE.00 .oOct,l0 .4119,-1 *0^.01r~l .449F.00 *4M)C01
.1230.1,2 *.100r .).01 0v0~j Saftr.o3 .000E.00 .000E-.O0 .0030.00 .2831r-el .100C.01 *J00t.o0 .2430-0.1
.12t.QiC .01010E0 .000.00.D .5sUP.o3 00AE.OO .OCOF.00 OOOEF~nl *1730r-C *0.101E (11 .0 1?1O
.73E~.0c .9?VC'oo .00-gr-00 .5j~v3 .Oooc*oo .000E.00) .004C.no .&oir-A7 *1c00.Oaf no00(.00 *4S E 02

.23.1 k DE0 llED .54t-0 aoijrc coor% c .0A3t4(1 0.283-4 ooorot J00tloo O'bI
.27&C.02.93O*1000 ooj1,.0D Sho~r.n3 .?0cloo2 ooor~.oo CootImo .170r-on 1;nreli *12bc.03 *1yoE107

.. Io1r.v .lOEIZO Gaor.on0 .540~3 .oq.3 .~r.0 ooio oro *40u.0 .50-no wr-ap cw .600[.03 .103C-02

.c1of1.02~ t1our-o: .73ofru1. *io7r.o3 .OeoOE*c' .otcr.
0

2 52t0 .O~ .n.. *34-0 .lm o .$2b[.03 *?34(*nlo
.1r2 .Oo-O .00,1.00 *Izlr.n3 30E-02.0 *2or.Oo t034E-f'4 .150r-fto .26O1-.11 .70EO.03 ISOE-*c2

.zlzt.02 .1 UL*01 APE00.4 ST?rf.a3 .149*o* .0'0 .000. .0031.04 t~Aor-np .5023W, .0001.00 Mntj-cln

.12E-02o .'10GE00 ME-ncfls .57Pr.03 .0o0GE00 .000F(.00 .000L.60 .170r07l .100.01,- .0001.00 .119EOt0
.So2 .'r-0 .oo.c .571r..") .o.,r.'On .000r.00 .003P-.10 *~.n .?3*-2 tor.')i no.a001.0 *1034j

mr-n*0 .1F0010 .001rC00 -00Er-04 .0.12.1.02A0.41F .1040 67(f3 q1-01 .IT0t.0l .4 '3E-(2010

,23E-f02 .'#41UE-00 .040E.00, 57-v,,..3 .f0c'-.Oc .000r.00 C000E.00 *'A5r-07 .100S#01I QDDE00. .802102p

:24)r0:0? -910E-00 - .'00r W ) .oJoE*w: .0u0C00 .,,0J0'00 0 .2170v' *lOoc*oi .000E.00 .~oo
.3v5E.uP bhur- 0000 oiiv .oc 8. 0co.oUCp .o0.0010 00,)E00 *~~-3.1067 .*0r.¶ .000E.00 . f3E1.,l7

VAL- -'0 * O
a LT .I UKP2 cl~ip ny.P 4AR-AL orgosly DEFRAT s...na OT.FQ

*0
00

E*C01 xCUE-01 .O2F-Ul1.776 t . t, Mot: .Q33*1.0 *2'Ar.3 W95r-nn .1?.4.0l .,109r*02 I.'30-1)

-3SE0 *1o t.o .1301 .oo..f.to .633r-P2 .'12'4.02 .o14r-01 .0001.00 .?34tePt .2r3r:0l *n.o0 .11
.4131.OZ .100,?3-.01 .5-Ec0 ),;Sr.m2 1E*07,~.. .004.0 001f0 E*02 .14**.14- o 745r .0061.03) .410C-02
*2A3-01.0 *.W. 0'*0. .14.4 *)r.(03 .04E3I-02I .000.00 .OOAIo.Oo *ouj:*n2 *l49r~o, .0?F0310 *2'31*E00
*2)E.Vf.0' ,02'1- .OSIFOO *353.'.A3 .OISE.n.. .7000.00 .0000.00 *:")~our MO 1001.01 4, a .0000 OE00-

*1b2L.02 .904.CE01 .()Uý!.0* .5tr-r3 490E.00 .0001.00 .006r-(10 *?34r2m *1nnc.o o00[4.C0 .7334E-lJ
*.11)r42 *'401.-0 01W-0 .&&Or-ftJ .0001.- 00r00 .oDOE.n .0. . 453*Ar-e? *101!t.0'1 .0001.00- .*S)E'C?

.2413.02 v~7or.jQ 0J00 *159r )OW: okla(.0 -c0c. .001.104 o *28
0
o*0 .1LO.011 .000C.010 .2 OE*09

.lo7rt*02 t~11.ir- 0.100 .1 .00 .0*100..00 j0.0110*7gr2 *oqE:.nj .0001.00, *c-%IE-,-
f,68v 40-0 00..0 19.n3 opcit1eoft .0001`.Co .0064F.o *301iefn2 .*I00gn.41 000(.00 , Otf-,2)

30 . v5) -)

ALT 4 f.%f1 1 rw. n..p PAREL ~rj I Df:WA ko~l T"I

OP 01; ) :0jur011: 12-rcs I.113r-0 .24C.13 ,ý4



N. THERMAL FLUX PROGRAM

nlEmAL flux PJOCRKA

ZTEWIG-A i I~ I)I~

&EA)( .2 deC j T-Xi4.VALL
hbiuDt(...) VAAI

ME~ADCS.31 (VAL41Ci.1*)1AL C
? PIJR..7CO!I13U r~l CL

%HiAVC oI~ l rCCA O(4O s).C 2.CJ C
5FRAYOC1R.O. C

C

ofif 50O I.j.1.Z C
VALI0~i C

9rlA~l *IJ4IAW(J)-.C*- C

--jCr'AtCVW(A.. 'iPRt,5C v 0EIfRt R Q~fa OE I C

C

C iJCaPPTIO.I.CO.M t E CRfLAI Uj TJP-Lfl6 C

C CtS.Cw5.IS Tkr CAL!%t A.I tfVE fl.~IA3. C

2rAAOSt.O6.24.0 C31

8 '42b8H2RAtj)RCOST c

12 AL1CP-AL'.I.fC5 1
CALL ACCA.y.klOIA2.fA1 C

24 PFACTOI.10*16TI.2 C
13 %FACTtL.PlA1IJ..rIJ333l33 C 4

Q%-1.Q/ntACT C
CALL kP22I~rIMAiPIT3 C

po*pi. ,,0PSIA
4

1i C
CE %S TItst.ai.TA7 6 "DOta IIaI r. 0 6. c, P)/?PO VpAI P. P vA) C

C

I? PI*.i C

GC, In 4 C
P0 P2... C

A~'4 C

~ ~ C

a. -2 1. VýAca) C
.hglob t.;. C

;1~.42OCi C
I~t 14.24.2 C

22 ',a M .4. 1E) C
4t1 tb* C

C

'2 Ui&ir4.is4T C

15 V:10tA It" . 1it?) C
St. TIj .IA~1VI 1 ~ Cc4.wIit ~ c

STO C

ftfl/t'4l u,3v 3.2c~lt
0 vm59 rp..f5 AL.1b.0Ht.lc.Ih .. IL0NTY2Htu.2( PAS
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